This paper made studies on the solar water pumping system in isolated area focusing on the case of Mibirizi village. The author made full interpretation of the construction of the solar pumping system and the general information of Rwanda, and then made full interpretation of the designing and calculating process of solar pumping system.
Introduction
Solar water pumping system is an easy and affordable solution to solve the water shortage problem in Rwandan community, especially in Eastern province where the land is plane and then the low head solar pumps are needed for water supply.
Solar pumping system is a system of two main components: solar panel and solar pump. A solar panel is composed by a small electronic device called solar cells made in semiconductor materials which produce direct current (DC) when exposed to the solar radiation. The panel system collects the direct current and is then supplied to the pump directly or stored in the batteries for later use by the pump.
Actually there are two types of solar pumping systems: direct coupled and indirect coupled Direct coupled: When there are no batteries in the system, this system is used when water is needed only during sun shine (day light) or when continuous water supply is not needed; in this case the storage tank is needed to ensure continuous water supply.
Battery coupled: When the system is having batteries to store DC currents, the direct current from solar panels during day light is stored in batteries then the batteries will supply the energy to the pump at any time when E. Nshimyumuremyi 28 the water supply is needed.
Advantages of Using Solar Pumping System
Water pumping using solar energy presents the advantages since solar energy is available in most places in Rwanda; its investment cost is low and it requires a low maintenance cost. It has also added advantages of storing water to be used when the sun is not shining. In Rwanda, by comparing installation costs (including labor), fuel costs, and maintenance by using generators, you may find that solar is an economical choice and is a suitable solution for remote and isolated regions. A solar-powered pumping system is more reliable and required less maintenance compared to the other source used in pumping.
An existing way of water pumping system uses the fuel to power generators, while this system provides power for pumping at any time. It presents the following constraints: Transportation of fuel to the location of generator sometimes is in inaccessible roads and landscape; fuel costs is also a challenging issue for this existing way of pumping and the generator requires an important regular maintenance.
As it is stated by the title of this project work, generally the system of water pumping by using the solar energy as a source of electricity to run the water pump is applicable in developing countries where the place become inaccessible (in remote areas) for supplying the electrical energy generated from different plants like hydro or thermo power plants.
Main Equipments Required in Solar Powered Pumping System
1) Solar panels: Solar panel is one of the equipments required in solar systems; it has a role of collecting or generating direct current (DC). The system is made up by one or more than one solar panel according to the needed discharge, available head, and power required.
2) Pump: Different types of solar pumps are available for water delivering (DC and AC pumps). DC pumps are classified either displacement or centrifugal; they should be either submersible or surface pumps [1] . When the water source is dugout, the floating pump type will be used; if the water source is a well submersible centrifugal pump type will be used. For stream and shallow wells, surface centrifugal pump will be used. Whatever the type of pump to be used, the capacity of pump need to be matched to the available head and needed discharge (flow rate).
3) Charge controller: Charge controller is there to protect batteries for over charges and over discharges. Charge controller is required in the system when you need the pump to work even when the sun light is not available.
4) Inverter:
For AC pumps, inverter is needed to convert DC electricity from solar panels to AC electricity to be used by AC solar pump.
5) Batteries:
Batteries are used to store DC electricity to be used later by the solar pump when the sun is not shining.
The batteries are not recommended in solar power pumping system because of the following reasons:  It reduces the overall efficiency of the system;  It increases the cost of the system;  It increases maintenance cost.
It is recommended in this case to use water storage tank to provide water when the pump is not working [1] Rwanda as one of developing countries presents the rural or isolated region to electricity, which becomes a great problem to the population where they suffer from the main infrastructures like easy accessibility to the potable water, hospitals, schools...etc.
From the statistics, about 90% of local populations are living in rural areas [2] , and about 95% do not access to electricity [3] .
The 59% of population does not access to potable water [4] and even they went about 3 km from tap stand. The solar water pumping system project will provide one of the solution to improve the above percentage of isolated population to accede the potable water.
Methods

Case Study
Rwanda is a country located in Southern sub Saharan region in Africa, in exactly East Africa region with a pop-ulation of approximately 11.4 million (2011) on total size of 26,338 square kilometers. Rwanda is located at 2 degrees south and 30 degrees east. At 433 inhabitants per square kilometer, Rwanda's population density is amongst the highest in Africa. Table 1 gives information about Rwandan population and access to portable water and electricity.
The most Rwandese people are subsistence farmers who rely on intermittent sources of water for their domestic needs (about 60% are suffering from lack of potable water). For this case, the feasibility study was conducted for mechanizing bore wells with solar powered pumps to provide water for the community in the Southern Regions of Rwanda in a village called Mibirizi, Kigese Cell, Rugarika Sector, Kamonyi District about 15 Km from Kigali City.
Mibirizi village is having 958 inhabitants and a primary school, a Youth Training Centre (boarding school of 120 students) and a Health Centre. And they are located on the top hill. The wells are located at great distance from the community or are located in a swamp area that cannot be easily accessed on foot. In this paper the technical data and calculations to determine the solar power and pump needed are included as well, according to the projected daily water capacity that will be pumped at the site, the financial cost was elaborated to provide to the communities with the pump, the solar power plant, the storage tanks, the faucets and necessary plumbing pipes and valves, as well as a fence to protect the equipment.
The solar water pumping project will provide 40 liters of water per day to each person in the communities from a tap stand located no more than 300 meters from their homes. The water capture system in the swamp, equilibrium reservoir on the top for supplying the communities is the system to use during the project. The water source has been tested to ensure enough flows rate during a dry season.
The Objectives of the Project
The main objectives of this project are:  Design and supply the potable water to the isolated village called Mibirizi located at Kamonyi district, 15 km from Kigali City by using the solar pump.  The water supply mechanism is using the water pump working under solar energy appropriate in rural or isolated area.  Reduce the percentage of poor people do not accessed to the portable water.  To demonstrate that the solar water pumping system is one of the solutions to improve the living standards of the population living to isolated region (remote areas).  To conduct a cost benefit analysis between the water supply by solar pump and other source of electricity.
Methodology
In order to carry out the project, we referred on the collected data based on the questionnaires asked the MIBIRIZI village's Population; the site survey (engineering survey) results conducted in order to characterize the site and the theories of solar system.
During the site visits, most of the questions asked are related to know the daily needed water per family, location of water source used by Mibirizi's population, availability of water sources nearest the MIBIRIZI village and the identification of applications for actual water use in their households.
Three sites have been visited during site visits, we chose one whose the river in the swamp easy to capture the water and also should be pumped to the top of hill of MIBIRIZI and presents low cost during the channeling water through pipes to the capturing tank and construction cost appeared as may be small. The engineering survey conducted aims to identification of availability water source at the boring wells side to ensure that the located reservoir should satisfy the water demand for the community (Population of Mibirizi). The survey indeed has identified the quite place to install the storage tank (distribution tank) of water to the population and the number of needed water tap to serve the population of Mibirizi's village. It has also determined the solar intensity and proposed the location to install the solar water pump and solar panels.
Some assumptions have been taken during the project as follows:  Since the result of site survey shows that the founded water source was a small river, we decided that no need to bore the wells except to channel the water through the proposed reservoir to built.  We only referred to the quantifying, sizing and determining the nature of the materials provided in this solar pumping project.  We have conduced also the equivalent financial cost of the project (reasonable budget) based on actual local prices of the plumbing; electrical materials and water solar pump to use.
Description of the Site
The The monthly averaged global solar radiation varies between about 5.08 and 5.3 kWh/m 2 per day. We will use 5.08 peak sun hours for calculations which is the average day during the worst month of the year (i.e. November).
The village has a population of 958 inhabitants, a primary school, a Training Centre for Youth (boarding school of 120 students) and a Health Centre on a total surface area of 2.4 km 2 .
Description of the Current Situation for Water in the Village
From the results of the visits conducted at Mibirizi village, the population walk about 2 to 4 Km from their homes to retrieve water for daily domestic needs from traditional tap located in the swap (river) of the village as shown in Figure 2 They walk in the small and complex streets, climbed on the hills towards the swamp of the MIBIRIZI village by foots. The retrieved water is not potable. 
Results and Discussion
To design a solar-powered water pump system it is necessary to determine the size of the system needed, including the pump, PV panels, appropriate mounting structure, pipe length, tank size, etc. In order to design the system correctly we are forced to know the following information:  The quantity of water needed by the community  The type of the water source, whether it is a stream, well or spring.
The Community Water Needs
The average water required by person per day is 40 litters. MIBIRIZI village requires 38,320 litters (10,124 gallons) per day for 958 persons.
Primary school having 500 pupils and 11 staffs uses 230 liters (61 gallons) of water per day on average to clean the premises of classes and toilets. The Training Centre for Youth is a boarding school for 120 students.
Using the minimum water requirement of 45 liters per day per student, School's 120 students would need about 5400 liters (or 1427 gallons) per day. The Health Centre needs 600 liters (or 156 gallons) of water per day. The total water needed per day at Mibirizi village is 44,550 liters (or 44.55 m 3 ) equivalent to 11,770 gallons. The system would provide the required water for domestic needs: drinking, laundry, washing and cooking but not for crop irrigation or raising domestic animals.
Water Source
The visited swamp area provides sufficient water even in dry season and the water source will be a spring. Pumps will be submerged in a reservoir built close to the source. The water capturing system is done by digging a drained tranche at depth of 1m and 4m for underground water storage tank.
System Layout
The proposed system layout of the site is provided in Figure 3 in which necessary distances and elevations for the water source, pump, PV panels, storage tanks, water t troughs and pipeline routes are shown.
Water Storage
A water storage tank is normally an essential element in an economically viable solar-powered water pump system. A tank can be used to store enough water during peak energy production to meet water demand in the event of cloudy weather or maintenance issues with the power system. Assume the tank should be sized to store for a minimum of two-day water use. This minimum storage capacity is calculated based on the water requirement. Therefore, the storage tank must be sized to hold a minimum of 89.1 m 3 . Thus, the tank is 4.63 m in diameter and 5.30 m tall. The available sizes are applicable on both water tank (underground storage water tank and distribution storage water tank).
Solar Insolation and PV Panel Location
The amount of solar insolation (peak sun hours) available at Mibirizi site can be taken as the same value like Kigali i.e. 5.08 hours per day [5] . In order to maximize the solar-powered system's energy production, the panels should be south facing with no significant shading in their vicinity in order to achieve full sun exposure.
Design Flow Rate for the Pump
The pump's design flow rate is based on the operation's estimated daily water needs divided by the number of peak sun hours per day, calculated as shown below:
146.16 lpm 0.1462 m pm 39 gpm 5.08 peak sun hours 60 minutes hour
We propose to install three pumps in parallel all dropped into the same source. All pumps will deliver the same volume flow rate of 13 gpm in order to make the total volume flow rate of 39 gpm while the total head is equal to the head of each pump (72.910 m). 6.7 Total dynamic head (H T ) for the pump vertical lift pressure head friction losses
Vertical lift is the vertical distance between the water surface at the intake point (the well's water surface) and the water surface at the delivery point (the tank's water surface) [6] . Pressure head is the pressure at the delivery point in the tank. For this case let assume that there is no pressure at the delivery point (the tank's water surface), so: pressure head = 0.00 m.
Friction loss is the loss of pressure due to the friction of the water as it flows through the pipe and the pressure loss due to the valves and fittings. Friction loss due to the pipe run lengths is determined by four factors: the pipe size (inside diameter), the flow rate, the length of the pipe, and the pipe's roughness. We choose to use pipes in thermoplastics PVC (Polyvinyl Chloride) because they are light, flexible, and tough and provide exceptional corrosion resistance.
For the given system layout, approximately 900 m (or 2952 feet) of 1.5-inch diameter PVC pipe is needed to pipe water from the well to the storage tank. From table of friction loss in plastic pipe (Appendix 3), the friction loss for 13 gpm flowing in a 1.5-inch pipe is approximately 1.2 feet of head loss per 100 ft of pipe. Therefore, the total estimated friction loss for 2952 ft of pipe is 35.424 ft or 10.80 m (2952 ft ÷ 100 ft of pipe × 1.2 ft head loss = 35.4241 ft). In addition, a head loss of 0.20 ft or 0.6 m for the 5 m of pipe in the well must be added. Thus, the friction loss due to the pipe length is 10.80 m + 0.6 m= 11.40 m.
Friction losses due to valves and fittings
The resistance through various valves and fittings will also contribute to the overall head loss. In a well designed system the resistance through valves and fittings will be of minor significance to the overall head loss, many designers choose to ignore the head loss for valves and fittings at least in the initial stages of a design. Table 2 describes the fitting materials which will be needed for the whole piping system. 
Pump Selection
The hydraulic energy needed (E H ) is given by the following equation /day) So, the hydraulic energy required is E H = 17.700 kWh/day. The total hydraulic energy is 17.700 kWh/day. Dividing this by the number of sun peak hours of 5.08, we find the pumps' total power required is 3484.7 W. Assuming that three pumps will be installed in parallel; each pump's power required is 1160 W.
The pump can be also selected by comparing the design flow rate and total dynamic head calculated above with the help of the information from the manufacturer's pump curves.
The pump curves in Appendix 2 are used for this scenario. Based on a calculated flow rate of 13 gpm and a total dynamic head of about 240 ft (72.910 m), we find that a minimum input of 1160 Watts of peak power is required for each of the three centrifugal pumps.
Grundfos brand submersible pump (SQFlex) made with stainless steel can be selected for this purpose.
PV Panel Selection
The PV panels selected for this system must be able to provide the minimum energy requirement to run the pump. As calculated above, the minimum power needed is 1160 Watts. However, the panels must also have additional capacity to account for any potential reduction in power due high heat, dust, age, etc. Many PV manufacturers recommend increasing the minimum peak power value by 25% to account for these environmental factors [6] .
Therefore, the PV panels will be sized to provide a minimum output of 1450 Watts (1.25 × 1160 = 1450 W). A PV panel is selected in order to have the electrical characteristics of peak power output of 240 W AT29.54 V and 8.13 A (Appendix 1). Therefore, 6 panels (1450 W ÷ 240 W per panel) are required to meet each pump's power requirement. They will be connected in series and parallel (two groups of three panels connected in series with the groups connected in parallel) to provide the necessary voltage for the pumps.
Design of Water Distribution System
We provide four water taps connected by PV pipes from the distribution water tank located at the Mibilizi centre. The population will retrieve the portable water nearest their homes at 300 m distance from the tap as it is shown on Figure 4 . The water distribution is done by water gravity. The required pipes and plumbing accessories during the water distribution are described in Table 3 .
Cost and Materials List for the Project
The Table 4 shows the different activities and material details supposed to use in implementation of the project and the estimated cost in US Dollar. 
Conclusions
The choice of using solar electric panels to supply water to the population of Mibirizi village is motivated by several reasons. The Mibirizi population resides in rural areas and has no access to electricity. Wind pumps have a long service life, require no non-renewable fuel, require basic skills but are work-intensive to maintain, and have a well developed service infrastructure. Wind pump systems are however not simple to install and require larger water storage than for example a diesel or solar pumps to provide for periods of low wind. In addition, Rwanda reliable data of the wind are not yet available and the wind technology is not well known in Rwanda. Diesel pumps have the advantage of pumping water on demand, also in varying daily capacity, depending on the operating times and over high heads. Diesel engines have a fairly low capital cost. On the down side the diesel pumping system relies on oil fuel and all oil used in the country is imported and the fuel cost variations and exchange rate fluctuations cannot be controlled without neglecting its adverse consequences on the environment pollution. Furthermore diesel engines require regular maintenance, linked to the hours of operation and have a fairly short life expectancy (highly dependent on the level of maintenance, the operating conditions and the quality of the engine and the installation). Most diesel pumps require manual starting making remote pumping installations more costly to operate. Hand pumps are rugged devices which require renewable fuel and are easy to maintain and have low capital cost. They are however limited in terms of the pumping volumes and depth of installation (head).
The whole country has an excellent solar resource and the system designed uses proven and dependable technology to pump sufficient quantities of water without the use of expensive fuels or unreliable grid power. Unlike many conventional pumping systems, the solar pump can operate unattended. The design is simple; when the sun is shining, the pump is pumping water. There are very few moving parts which reduce the need for continued costly maintenance. The system designed essentially consists of three main components: the solar arrays, a controller and the pumps.
The array consists of 18 solar panels mounted on a pole (i.e. six panels for each pump). The electricity generated by the solar panels passes first through the control box where it is regulated before energizing the pump. The pumps that have been selected are Groundfos submersible pumps (SQFlex) that are made in stainless steel. These pumps are powered by DC motors using the Dc output from the PV panels directly but with also the capability to run off of A.C. power from a portable generator in the event the sun is not shining or the control has malfunctioned.
This gives the community the greatest flexibility. The designed PV system information can be summarized as follows:
Power required: 1160 Watts per pump; Number of pumps: 3; Solar panel rating: 240 Watts (29.54 Volts and 8.13 Amperes); Number of panels: 18. The panels come with more than 20 year performance warranty. This exceeds the warranties provided on other possible fuel sources, like diesel or propane, which power generators. Maintenance of solar panels is minimal and involves nothing more than washing the dust off occasionally. Also solar panels produce electricity without any noise or without any pollution. 
